The aim was to compare the early outcomes between thoracoscopic and laparoscopic esophagectomy ( 
Introduction
Esophagectomy remains an effective treatment for patients with localized esophageal carcinoma w1x. Various surgical approaches have been described. Most thoracic surgeons adopt classic McKeown's transthoracic esophagectomy with a cervical anastomosis (open three-field esophagectomy), in which the thoracic esophagus and adjacent lymph nodes can be resected en bloc through satisfactory exposure w2x. Nevertheless, large wounds in the chest and abdomen caused by right-side thoracotomy and laparotomy are inevitable during the operation, and these are a significant source of morbidity and mortality after esophagectomy w2x. With improved experience and skills for performing laparoscopic and thoracoscopic surgery, thoracoscopic and laparoscopic esophagectomy (TLE) has attracted increasing attention as an alternative to open three-field esophagectomy as a way to reduce morbidity and mortality w3, 4x.
From 
Materials and methods

Clinical data
There were 96 patients enrolled in the TLE group, and 78 in the open esophagectomy group served as controls, from March 2008 to September 2010. The patients were consecutively admitted and assigned to the surgeons by the registration nurse (Mei Zhang), without any known researchrelated information of the patients being considered. TLE was performed by two surgeons (YongShan Gao and Yun Wang) and open three-field esophagectomy by two others (LongQi Chen and YongFan Zhao); all of whom were similarly experienced in esophageal surgery. A retrospective analysis was carried out and the demographic data of the two groups are shown in Table 1 .
The diagnosis was established by gastroscopy biopsies, and all patients were evaluated and staged by preoperative computed tomography of the chest and abdomen. The exclusion criteria were: (1) patients with a history of preoperative radiotherapy or other disease that could have caused extensive pleural adhesions; and (2) presence of contiguous tumor spread to adjacent structures.
Operative technique
TLE
The operative procedure of TLE can be divided into three steps. the left semi-prone position about 358 forward with a double-lumen endotracheal tube. The surgeon stood on the right and the assistant on the left. Four thoracoscopic ports were used: a 10.5-mm camera port was created at the fifth intercostal space of the mid-axillary line; and the remaining three 11.5-mm ports were placed at the sixth and eighth intercostal spaces of the posterior axillary line, and the third intercostal space of the mid-axillary line (Fig.  1) . The mediastinal pleura that overlies the esophagus was divided from the thoracic inlet to the esophageal hiatus by an electrical coagulation hook. We identified the azygous vein, and skeletonized, divided and ligated it with an endoscopic linear cutter. We complete dissection of the esophagus, including periesophageal tissue and lymph nodes. To minimize postoperative chylothorax, we divided the pleura between the aorta and azygos vein, and identified the thoracic duct and ligated it with a hem-o-lok clip. The thoracic stage was finished by placement of an intercostal drainage tube and closure of the thoracic ports.
(2) Laparoscopic mobilization of the stomach and abdominal lymph node dissection. The patient was placed in a steep reverse Trendelenburg position w3x, and artificial CO pneumoperitoneum was established (pressure:
2 13 mmHg). The surgeon was standing between the legs of the patient, and the first assistant was standing on the right of the patient. Five abdominal ports was created as follows: a supraumbilical port for the camera (12 mm tractor); two ports at both sides of the anterior axillary line, about 2 cm below the costal arch (12 mm tractor); and the others at the left and right mid-clavicular line (12 mm tractor) (Fig. 2) . A five-leaf hook was placed into the abdominal cavity to retract the liver. The hepatogastric ligament was exposed and divided by ultrasonic coagulation shears from the esophageal hiatus to the hepatoduodenal ligament, and the gastric cardiac lymph nodes were dissected. We divided the gastrocolic and gastrolienal ligaments and the short gastric and left gastroepiploic arteries by ultrasonic coagulation shears, along the marginal vascular arcade of the greater curvature, from the esophageal hiatus to the right gastroepiploic artery. The vascular arch and the right gastroepiploic artery had to be protected during the operation. We ligated the left gastric artery and vein with a hem-o-lok clip, and the right and left crura of the diaphragm were dissected.
(3) Gastric tube formation and cervical anastomosis. An incision of ;5 cm was made below the xiphoid, along the abdominal midline. The stomach was extruded to construct a gastric conduit (;4 cm diameter), and returned to the abdominal cavity. Through a left skin crease cervical incision of ;4 cm, we dissected the cervical esophagus with our fingers. Pneumoperitoneum was re-established, The gastric conduit was brought to the neck under laparoscopic guidance, and did esophagogastric anastomoses with the three-leaf clipper-assisted manual layered anastomosis technique w5x. After closure of the cervical and abdominal incisions, patients were routinely admitted to the intensive care unit after surgery.
Open three-field esophagectomy
The procedure for open three-field esophagectomy has been described in detail by McKeown w2x, we describe the procedure briefly as follows. The patient was placed in the left lateral decubitus position, which was inserted via the fifth or sixth intercostal space after posterolateral thoracotomy. The mediastinal pleura was divided using an elec- trotome. The azygous vein was identified, and skeletonized, divided and ligated with a 2-0 silk suture. We dissected the esophagus and adjacent tissue from the apex of the chest to the diaphragmatic hiatus, ligated the thoracic duct, and closed the thoracic incision. For the second stage, the patient was placed in the supine position. We dissected the stomach and abdominal lymph nodes via laparotomy, which preserved the right gastroepiploic vessels, right gastric vessels and vascular arcades. We then prefer a gastric tube of 4-5 cm in diameter. We returned to the left neck, and an incision of ;4 cm was made to expose the cervical esophagus and dissect it with the fingers. The gastric conduit was brought to the neck and an esophagogastric anastomoses was done. Finally, we closed the cervical and abdominal incisions.
Statistical analysis
Data were analyzed using SPSS version 11.5 (Chicago, IL, USA). Continuous data were expressed as the mean"S.D. and analyzed using Student's t-test or Mann-Whitney Utest. Categorical variables were presented by frequency (%) and analyzed by the x -test. P-0.05 was considered 2 significant.
Results
All the operations were successful, and there were no conversions during the thoracoscopic and laparoscopic dissection. There were no significant differences in age, sex distribution, tumor stage, and lesion location and pathology between the two groups ( Table 1 ). The operative data are shown in Table 2 and postoperative morbidity and mortality in Table 3 .
Pulmonary complications were the most common postoperative complication and cause of death within 30 days following the operation in the TLE and open esophagectomy groups. In the TLE group, two patients died within 30 days after surgery (2.1%); both from respiratory failure. In the open esophagectomy group, three patients died within 30 days after surgery (2.1%); two from respiratory failure and one from gastrobronchial fistula.
Discussion
Esophagectomy remains the mainstay of treatment in esophageal cancer w6x. The choice of incision and conduit has remained the subject of much discussion. Regardless of the approach, open esophagectomy has been associated with considerable morbidity and mortality, the incidence of major or minor complications is still 70-80%, and the operative mortality is 4-7% at experienced centers w7x. A growing number of institutions have been choosing minimally-invasive esophagectomy as an alternative to open esophagectomy in the hope of minimizing morbidity and mortality, including TLE.
With improved experience and skills for performing laparoscopy in general surgery, there is no longer a problem about laparoscopic gastric mobilization and abdominal lymph node dissection. Thoracic surgeons are more concerned with how to perform complete resection of the thoracic esophagus and mediastinal lymphadenectomy. There are two patient positions for thoracoscopic esophageal mobilization and mediastinal lymph node dissection: the prone position w8x; and the left lateral decubitus position w3x. Compared with the latter, the prone position has the following characteristics w4x: (1) the esophagus is located above the surgical field and low to medium bleeding does not affect the process significantly; (2) the lung is kept away from the surgical field because of gravity; and (3) increased quality of mediastinal lymph node dissection. However, if a patient in the prone position requires conversion to open surgery, either electively or in an emergency, the position must be re-considered, which can have fatal consequences. The camera port is usually at the seventh intercostal space of the mid-axillary line w9, 10x, which could lead to inadequate exposure of the lower esophagus and affect lymph node dissection. We performed the operation with the patients in the semi-prone position. The semi-prone position combines the advantages of the prone and left lateral decubitus positions, and it is easy to convert to open surgery if required. The above-mentioned ports that we used had the following advantages. The camera port was placed at the fifth intercostal space of the mid-axillary line, therefore, we could achieve satisfactory exposure of the upper, middle and lower mediastinum through changing the direction of the camera.
There were two potential problems with minimally-invasive esophagectomy: the ability to perform mediastinal lymph node dissection, and reduction of postoperative morbidity and mortality, especially pulmonary complica-tions. In the TLE group, there were no significant differences between the TLE and open esophagectomy groups with regard to the number of lymph nodes procured (17.75"5.56 vs. 18.03"6.20, P)0.05) . This showed that TLE achieved standards of lymph node dissection that were similar to those reported in previous studies w11, 12x. There was no significant difference in the prevalence of pulmonary complications (13.5% vs. 14.1%, P)0.05) between the two groups. This means that TLE did not achieve its aim of reducing postoperative pulmonary complications, which might have been because TLE did not reduce the need for surgery in the abdominal and thoracic cavities. It might also be because postoperative pulmonary complications are associated with many factors w13x. Compared with the open esophagectomy group, there was a downward trend in the overall rate of complications in the TLE group (32.3% vs. 46.2%), but the difference was not statistically significant (P)0.05).
The results of esophageal surgery are strongly related to surgeon experience and hospital volume w14x. TLE is technically complex, and requires a steep learning curve to reach an optimum level of surgical outcomes, however, because most thoracic surgeons are not familiar with laparoscopic skills, they will have to treat more cases to climb the learning curve w13x. Therefore, TLE did not show obvious advantages in reducing postoperative complications in this study. We believe that the advantages of TLE can be demonstrated with improved experience and skills acquisition.
In conclusion, TLE is technically feasible, with less blood loss and shorter hospital stays for achieving acceptable standards of lymph node dissection, therefore, it has the potential to replace conventional open three-field esophagectomy.
